Introduction
The non-obese diabetic (NOD) mouse develops diabetes Although these previous studies revealed the significant role of T cells, the role of B cells in the development of insulitis concomitant with the progression of insulitis, thus providing an excellent animal model of human autoimmune diabetes and diabetes remains obscure. B cells were not required for the transfer of diabetes (15), while immunohistochemical mellitus (1) (2) (3) . It has been proven that T cells are required for the development of insulitis and diabetes in NOD mice (3- studies of insulitis revealed the accumulation of B cells in the later stage of insulitis (6,7). In addition, production of 15). Insulitis and diabetes did not develop in congenitally athymic nude mice and neonatally thymectomized NOD mice autoantibodies to pancreatic β cells is predictive of the later development of diabetes (16, 17) . These data raise the (4,5). Immunohistological studies revealed the predominant accumulation of T cells in the insulitic lesion (6,7). Treatment possibility that B cells may also play some role in the pathogenesis of insulitis and diabetes in NOD mice. of mice with anti-T cell antibody prevented the development of the disease (8-10). In addition, adoptively transferred T In the present study, in order to clarify the involvement of B cells in the development of insulitis and diabetes in NOD cells could successfully induce insulitis and diabetes in irradiated young and newborn NOD mice (11) (12) (13) (14) .
mice, we have generated B cell-deficient NOD mice by primers with additional EcoRI sites specific for I-A β b (5Ј-A β b : 5Ј-TCTAGAATTCACAGCGACATGGGCGAGC-3Ј and 3Ј-A β b : 5Ј-TCTAGAATTCCGTAGTTGTGTCTGCACA-3Ј) and I-A β g7 (5Ј-I-A β g7 :5Ј-TCTAGAATTCACAGCGACGTGGGCGA-GT-3Ј and 3Ј-A β g7 : 5Ј-TCTAGAATTCCGTAGTTGTGTCTGC-ACG-3Ј). I-A β genes were amplified as follows: denaturing at 94°C for 1.5 min, annealing at 55°C for 1.0 min and extension at 72°C for 1.0 min, for 25 cycles on a DNA thermal cycler.
Flow cytometric analysis
The peripheral blood mononuclear cells of NOD mice were stained with phycoerythrin-labeled anti-B220 (Dainippon, Osaka, Japan), FITC-labeled anti-B220 (PharMingen, San Diego, CA) and biotinylated anti-CD3ε (PharMingen) mAb. The cells were washed with PBS containing 2% fetal bovine serum and 0.1% NaN 3 , followed by streptavidin-Red670 (Gibco, Grand Island, NY) staining. The cells were then fixed with 1% paraformaldehyde and analyzed by a flow cytometer.
Assessment of serum Ig levels
Serum Ig levels were determined by ELISA. Briefly, sera for the Ig assay were collected from mice at 30 weeks of age. Plastic plates coated with anti-Ig (Rougier Biotech, Canada) were used after blocking with 5% non-fat milk in TBST (20 mM Tris, 150 mM NaCl, 0.05% Tween 20, pH 8.0). After washing the plate with TBST, diluted serum samples were added to the plates and incubated at 37°C for 2 h. The bound IgM or IgG was detected with horseradish peroxidase-labeled goat Glucose tolerance test and assay for serum insulin levels in the parental µMT/ϩ NOD mouse was I-A β 7 as assessed by PCR.
Mice at 40 weeks of age were i.p. injected with 1 g/kg body weight of glucose and blood samples were then obtained at 0, 60 and 120 min after injection. The concentrations of backcrossing mice with the null µMT mutation to NOD mice. insulin in the samples were determined by ELISA (Morinaga In the B cell-deficient NOD mice, diabetes did not develop Biochem., Yokohama, Japan). All data are the means Ϯ SEM, over a 40-week observation period and the progression of n ϭ 3 per group. insulitis was significantly suppressed, indicating the importance of B cells in the pathogenesis of insulitis and diabetes Histological analysis in NOD mice.
Blocks of pancreas were obtained at 12 and 30 weeks of age. For light microscopy, the pancreases were fixed with Methods formalin and embedded in paraffin. Then, 4 µm thick sections made at 15 µm intervals for each pancreas were stained with PCR to detect µMT and I-A β 7 genes hematoxylin & eosin. All islets were evaluated and the insulitis The µMT allele was detected by PCR using genomic DNAs scores were determined as follows: 0: no mononuclear cell from tails. We used primer sets P-1988 (5Ј-TACAGCTCAGCTinfiltration; 1: mild peri-insular mononuclear cell infiltration; 2: GTCTGTGG-3Ј) and P-neo r (5Ј-TCTATCGCCTTCTTGACmoderate mononuclear cell infiltration into the islets (granula-GAG-3Ј) to amplify the 477 bp products from the µMT allele tion of Ͻ50%); 3: severe massive cell infiltration (granulation where the neo r gene was inserted in the membrane exon of the of Ͼ50%). µ chain. Primer sets P-3542 (5Ј-CTGTCTTGCTTGCTCTGCTC-3Ј) and P-1988 were used to amplify 690 bp products from Results the wild allele. The PCR was performed at 95°C for 60 s, 65°C for 60 s and 72°C for 90 s, for 40 cycles on a DNA Generation of B cell-deficient NOD mice thermal cycler. PCR products were analyzed by 2% agarose gel electrophoresis with ethidium bromide staining. I-A β genes B cell-deficient (µMT/µMT) [129/SvϫC57BL/6 (B6)] mice were originally produced by disrupting the membrane exon of the of the class II molecules were determined as described previously (18). Genomic DNA (1 µg) was used for PCR by IgM gene by gene targeting (19). µMT/ϩ B6 mice were previously generated by six backcrosses to B6 mice. µMT/ϩ B6 mice were backcrossed to ϩ/ϩ NOD mice 8 times and µMT/ϩ mice with 99.6% NOD background were obtained. µMT/ϩ B ϩ NOD males and females were crossed and assessed for their genetic background and also for the presence of B cell deficiency. Thirteen µMT/µMT B -NOD mice and control B ϩ NOD littermates (15 ϩ/ϩ and 34 µMT/ϩ) were obtained. The ( Fig. 1a) . Flow cytometric analysis of peripheral blood mononuclear cells of B -NOD mice revealed the absence of B220 ϩ B cells (Fig. 1b) . The levels of serum IgG and IgM in B ϩ NOD mice were 12.50 Ϯ 3.73 and 0.80 Ϯ 0.05 g/l respectively, Glucose response and insulin reactivity after glucose loading while those of B -NOD mice were Ͻ0.4 g/l for IgG and Ͻ0.02 in B ϩ NOD and in B -NOD mice g/l for IgM, thus confirming the lack of Ig production in B ϩ NOD mice as well as the B -NOD mice were i.p. challenged B -NOD mice. The I-A β gene of the class II molecules in the with 1 g/kg body wt of glucose at 40 weeks of age. The blood parental B -NOD mouse was determined to be I-A β 7 , which is glucose levels of the B ϩ NOD mice showed a diabetic pattern a unique class II gene of original NOD mice (20), according Ͼ200 mg/dl at 120 min, while the B -NOD mice maintained to the PCR findings (Fig. 1c) .
normal glucose levels (Fig. 3) . Although the insulin reactivity of B ϩ NOD mice was significantly impaired, the Development of diabetes in B ϩ NOD and in B -NOD mice B -NOD mice showed a good insulin response (Fig. 3) , thus The development of diabetes in wild-type (ϩ/ϩ), µMT/ϩ suggesting pancreatic β cell function to be well preserved in B ϩ NOD and µMT/µMT B -NOD mice was followed for 40 B -NOD mice. weeks. Every 3 weeks blood samples were monitored for Development of mild insulitis and suppression of the progresblood glucose levels and diabetes was diagnosed when the sion of insulitis in B -NOD mice blood glucose levels were Ͼ200 mg/dl. As shown in Fig. 2 , diabetes developed in wild-type (ϩ/ϩ) and µMT/ϩ B ϩ NOD Although the development of mild insulitis was observed in mice beginning at 15 weeks of age and 87.8% (43 of 49) of B -NOD mice at 12 weeks of age, the extent of insulitis was B ϩ NOD mice developed diabetes up to 40 weeks of age. In lower in B -NOD mice than in B ϩ NOD mice (Table 1) . B -NOD contrast, none (of 13) of the B -NOD mice developed diabetes mice showed mild insulitis at 30 weeks of age, at which time by 40 weeks of age. Thus, the development of diabetes was mild peri-insular mononuclear cell infiltration often associated prevented in B -NOD mice (P Ͻ 0.0001 as assessed by with mild lymphocytic infiltration into the islets was seen (Fig.  the Fisher's exact test) , indicating that B cells are critically 4, left). In contrast, B ϩ NOD mice developed moderate to severe insulitis at the same age, in which moderate monoimportant for the development of diabetes in NOD mice. nuclear cell infiltration into the islets producing a lymphfolliclestudies have reported that T cells were normally primed with peptide or parasite antigens in B cell-deficient mice and that like appearance (Fig. 4, right) . Consistently, the insulitis scores of the B -NOD mice were significantly lower (P Ͻ 0.0001 as peripheral tolerance was also successfully achieved (22) (23) (24) . The reason for the discrepancy regarding the development assessed by the Mann-Whitney test) than those of the B ϩ NOD mice at either 12 or 30 weeks of age (Table 1) , thereby of insulitis in our study and the previous study is not clear. This may be because they evaluated the insulitis only at 20 indicating that the progression of insulitis was significantly suppressed in B -NOD mice.
weeks of age, when insulitis may have not become evident or disappeared in the B -NOD mice they used. Alternatively, this may be due to differences in some unidentified genetic Discussion background between mice they used and ours. Although the development of mild insulitis in B -NOD mice The present study demonstrates that diabetes did not develop during the 40 weeks observation period in B cell-deficient was observed in our study, progression of insulitis was significantly suppressed. Since it was reported that T cells NOD mice, while as high as 90% of control NOD mice with B cells developed diabetes. In addition, although the B cellpredominantly infiltrated into the insulitic lesion of NOD mice (6,7), the expansion of T cells might be suppressed in deficient NOD mice did develop insulitis, the extent of insulitis was significantly suppressed, thereby indicating that B cells B -NOD mice. We found the predominant accumulation of CD4 ϩ T cells in the insulitic lesion of islets in B ϩ NOD mice are crucial for the progression of insulitis as well as the development of diabetes in NOD mice. T cells (23) (24) (25) . In a parallel study, we created B celldeficient B6 lpr mice, and found both lymphadenopathy and They interpreted the data that B cells might play an important role, at least as antigen-presenting cells to T cells in the lymphoproliferation to be significantly suppressed in such animals, concomitant with the suppression of proliferation of initiation of insulitis (21). In this study, we demonstrated that mild insulitis was present in the B -NOD mice as early as 12 CD4 ϩ T cells (I. Akashi et al., manuscript submitted). Based on these data, it is reasonable to postulate that the initial weeks of age, although the extent of insulitis was limited. Accordingly, it is suggested that initial activation of T cells activation of T cells might be preserved in B -NOD mice, while the expansion of autoreactive CD4 ϩ T cells might be impaired, against islets might occur, but further expansion of T cells might be impaired in B -NOD mice. Since antigen-presenting preventing a further progression of insulitis. It was reported that anti-B7-2 (a CD28 ligand)-mediated cells such as macrophages and dendritic cells are intact in B cell-deficient mice, the initial activation of T cells would co-stimulatory signal through CD28 expressed on T cells plays an important role in the proliferation of autoreactive T be operative in B cell-deficient mice. Consistently, previous B cell-directed therapy.
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